Abstract: This paper describes the synthesis of 5-amino-6-cyano-2-phenylthieno[2,3-d]oxazole and its utilization for the preparation of a range of azo disperse dyes. These aryl azo disperse dyes were applied on polyester fabric and their fastness properties were evaluated. The dyes were characterized by NMR and IR spectroscopy. The visible absorption spectra of these dyes were recorded.
INTRODUCTION
In the recent past, a large number of heterocyclic systems have been considered while designing the structure of organic colorants. The involvement of heterocyclic systems in a disperse dye structure results in bathochromic shifts in the absorption wavelength leading to deeper shades on hydrophobic fibers, such as polyesters and polyamides. The usefulness and advantages of heterocyclic derivatives in the synthesis of disperse dyes have been reviewed in many standard reports. 1, 2 Among the heterocyclic diazo compounds exploited in the synthesis of azo disperse dyes, 2-aminothiophene derivatives have been extensively utilized. Azo dyes derived from 2-aminothiophenes possess excellent dischargeability and sublimation fastness. Azo dyes derived from 2-aminothiophenes having electron withdrawing substituents in the three and five position exhibit deep colours with outstanding light fastness. 3 In spite of the fact that forty years have elapsed since the first 2-arylazo thiophene dyes were studied, interest was rejuvenated only after the emergence of the Gewald reaction. [4] [5] [6] [7] [8] [9] [10] [11] [12] This simple and versatile one-pot synthesis of 2-aminothiophenes has given a new dimension to this class of compounds only in the last decade. The original version of the Gewald synthesis involved the reaction of a-carbonyl thiols with nitriles possessing an active a-methylene, in the presence of a catalytic amount of a base. 13, 14 A range of electron withdrawing substituents could be introduced into the position three, but the choice of substituents in the 4-and 5-positions is limited by the accessibility of the required a-carbonyl thiols. Subsequently, a broader method for the preparation of selected 2-aminothiophene was described, 15 which utilized carbonyl compounds having an active a-ethylene function in the presence of elementary sulphur and a base. These studies 3, 16 into the preparation of heterocycles from active methylene nitriles sparked renewed commercial interest in these compounds as diazo components. Increasing the power of the electron acceptor substituents in the thiophene ring led to a weakening of the basicity of the amino group and an increasing of the bathochromicity of the resulting 2-arylazo dyes. In this communication, the facile synthesis of a novel phenylthieno [2,3-d] oxazole intermediate with a diazotizable amino group and the preparation of new azo disperse dyes (5a-e) derived from it for application to polyester fabrics are reported (Scheme 1).
RESULTS AND DISCUSSION
The key intermediate, 5-amino-6-cyano-2-phenylthieno[2,3-d]oxazole (3) was synthesized from 2-phenyl-5(4H)-oxazolone 17 (1), sulfur, malononitrile (2) (Ge-wald reaction) in excellent yeld (82 %). Compound (3) was diazotized with nitrosyl sulphuric acid and coupled with various, N,N-dialkylated anilines to give 2-aryl azothiophene dyes in good yields (51-68 %).
In these dyes, the thiophene moiety can be considered as the chromophore which when conjugated with the diazo-group results in pronounced bathochromic shifts. In addition, the presence of a conjugated electron-withdrawing cyano group results in additional bathochromic shifts with a good depth of shade.
The dyes were applied to polyester fabric at 2% shade. Data on the dye fastness properties are given in Table I . The light fastness was fairly good (4) to very good (6) for all the dyes. The sublimation fastness was found to be good (4) to excellent (5) for all the dyes. Visible absorption spectra and logarithms of the extinction coefficients of the dyes (5a-e) were measured in ethanol and are summarized also in Table  I . The absorption maxima of these dyes were observed in the range of 515-568 nm. The absorption spectra of these novel thiophene dyes show the following features.
1. The presence of the hetero sulphur atom in the thiophene moiety gives an additional electron withdrawing group to the key intermediate, the unoccupied 3d orbital accommodates the transferred negative charge and stabilizes the excited state, resulting in a bathochromic shift.
2. Electron donating groups (such as dialkylamino, acetamido and alkoxy on the coupler part), 5a-e, results in bathochromic shifts.
3. The dyes exhibited high extinction coefficients.
EXPERIMENTAL

Materials and methods
The materials used were of technical grade. All melting points were recorded on a melting point apparatus (Sunder Industrial Products Chembur, Bombay, India) and are uncorrected. Elemental analysis was carried out in the Microanalytical Laboratories of the University of Mumbai, Institute of Chemical Technology. The IR spectra (KBr) vere measured on an FTIR/5300 spectrophotometer. The 1 H-NMR spectra were recorded on a Varian 300 MHz. instrument, and the chemical shifts are given in the d (ppm) scale. The absorption spectra were in ethanol recorded on a Genesys-2 spectrophotometer. The polyester fabric was dyed using the High Temperature High Pressure dye-ing method. The light fastness was tested according to the BS 1006 Test Method and the wash fastness according to the AATCC Test Method 61-1996.
Synthesis of 5-amino-6-cyano-2-phenylthieno[2,3-d]oxazole. (3)
A mixture of 2-phenyl-5(4H)-oxazolone (1) (1.6 g, 0.01 mol), malononitrile (2) (0.66 g, 0.01 mol), and sulfur (0.35 g, 0.011 mol) in 20 ml absolute ethanol in the presence of morpholine (3-4 drops) as catalyst was heated on a water bath at 60-65 o C for 3 h. The reaction mixture was cooled to room temperature; the separated solid was filtered, washed with cold ethanol and dried. The crude product was recrystallized from ethanol to give pure 3 (2g, 82 %), m.p. 217-219°C. Elemental analysis: Calcd. for C 12 
General method for the preparation of dyes (5a-5e)
5-Amino-6-cyano-2-phenylthieno [2,3-d] oxazole. (3) (0.01 mol) was dissolved in acetic acid (10 ml) at 10 o C and stirred for 15 min. After complete dissolution, nitrosyl sulphuric acid (4.6 ml), equivalent to sodium nitrite (0.01 mol), was slowly added over one hour at 5 o C under constant stirring. The excess nitrous acid was destroyed using sulphamic acid.
The required substituted N,N-dialkylaniline (0.01 mol) was dissolved in acetic acid (20 ml) and cooled to 10 o C with crushed ice (10 g). The clear diazo solution was slowly run into this solution at 10-15 o C under vigorous stirring over a period of 30 min. The pH of the reaction was maintained at 4.5-5.5 by the addition of solid sodium acetate in portions throughout the coupling period. The reaction mixture was poured into ice and water followed by the addition of sodium carbonate solution (20 %) until neutral. The separated dye was filtered, washed with water, dried and recrystallized from ethanol to give the pure dyes.
Synthesis of 5-(4-N,N-diethylaminophenyl)azo-6-cyano-2-phenylthieno[2,3-d]oxazole (5a)
The dye (5a) was obtained as brownish red powder (yield 67 %), m.p. 
Synthesis of 5-(4-N,N-diethylamino-2-acetamidophenyl)azo-6-cyano-2-phenylthieno[2,3-d]oxazole (5b)
The dye (5b) was obtained as a brownish red powder (yield 64%), m.p. [2,3-d] 
Synthesis of 5-[4-N,N-bis(2-hydroxyethyl)amino-2-acetamidophenyl]azo-6-cyano-2-phenylthieno
Synthesis of 5-[4-N,N-bis(2-hydroxyethyl)amino-2-methylphenyl]azo-6-cyano-2-phenylthieno
CONCLUSION
This paper describes the synthesis of some novel heterocyclic based monoazo disperse dyes using 5-amino-6-cyano-2-phenylthieno [2,3-d] oxazole as the diazo component, with an evaluation of their spectral characteristics and fastness properties. The dyes showed fairly good (4) to very good (6) light fastness and good (4) to excellent (5) sublimation fastness.
The visible absorption spectra and the logarithms of the extinction coefficients of the dyes (5a-e) were measured in ethanol. The absorption maxima of these dyes were observed in the range of 515-568 nm. 
